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15 1 . The Field of the Invention. 

The present invention relates generally to keypad 
devices, and more particularly, but not necessarily entirely, 
to a switch matrix which allows the use of variable key 
positions and key sizes on the keypad and to the use of such 

2 0 devices. 

2 . Background Art . 

It is common practice to provide keypads consisting of 
one or more keys arranged for entry of data or ' performing 
25 functions such as activating switches. Keypads are used for 
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various types of electronic devices such as user interfaces 
for home automation and security systems, calculators, 
telephones, etc. Keypads commonly include an assembly of 
various parts maintained in a housing. 
5 For example, FIG. 1 shows a keypad, generally indicated 

at 2, known in the art for use as a primary control point for 
automation systems used in areas such as homes, businesses, 
boats, yachts, motor homes and busses. The keypad 2 includes 
a plurality of keys 8 which can be depressed to control 

10 systems such as lighting, security, audio visual and 
heating/cooling for example. The keys 8 are connected to 
electronic circuitry which is contained in a housing 4. The 
keys 8 are fixed in place by an attaching plate 6 so as to be 
non-removable from the keypad 2. The attaching plate 6 has 

15 apertures 7 through which the keys 8 protrude. The apertures 
7 are sized and shaped to accommodate keys 8 of a particular 
size and shape. Therefore, a different attaching plate 6 is 
required for each size and shape of keys 8 used for the keypad 
2. Furthermore, the location of the keys 8 is confined to the 

20 locations of the apertures 7. Therefore, a different 
attaching plate 6 must be used for different configurations of 
the keys 8. Moreover, if any of the keys 8 become damaged or 
require replacement, the entire keypad 2 must be replaced or 
the attaching plate 6 must be removed. Removal of the 
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attaching plate 6 is a difficult task which may require the 
services of a professional or use of specialized equipment 
since the attaching plate 6 is fixed to the housing 4 and is 
not designed to be easily removed without damaging the 
attaching plate 6 or the housing 4 . 

The previously available devices are thus characterized 
by several disadvantages that are addressed by the present 
invention. The present invention minimizes, and in some 
aspects eliminates, the above-mentioned failures, and other 
problems, by utilizing the methods and structural features 
described herein. 

In view of the foregoing state of the art, it would be an 
advancement in the art to provide a switch matrix which is 
capable of being used with keys of different sizes and shapes. 
It would be a further advancement in the art to provide a 
switch matrix which allows the keys to be arranged in 
different configurations using differing numbers of keys. It 
would also be an advancement in the art to provide a switch 
matrix which allows the keys to be easily installed and 
replaced without damaging the matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the invention will become apparent from a consideration of the 
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subsequent detailed description presented in connection with 
the accompanying drawings in which: 

FIG. 1 is a front view of a previously available keypad 
for an automation system. 
5 FIG. 2 is a side view of the keypad of FIG. 1. 

FIG. 3 is an exploded perspective view of a keypad 
showing the switch matrix pursuant to one illustrative 
embodiment of the present invention. 

FIG. 4 is a plan view of an illustrative embodiment of 
10 the switch matrix of the present invention. 

FIG. 5 is a side view of the switch matrix of FIG. 4. 

FIG. 6 is an end view of the switch matrix of FIG. 4. 

FIG. 7 is a bottom perspective view of an exemplary 
embodiment of a key used in conjunction with the switch matrix 
15 of the present invention. 

FIG. 8 is a top perspective view of the exemplary 
embodiment of the key of FIG. 7. 

FIG. 9 is a plan view of an exemplary embodiment of one 
of many key configurations made possible by the switch matrix 
2 0 of the present invention. 

FIG. 10 is an exploded perspective view of an alternative 
illustrative embodiment of the switch matrix in a different 
keypad environment . 
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FIG. 11 is a break-away perspective bottom view of a 
cantilever system of the switch matrix of FIGS. 3-6. 

FIG. 12 is an exploded perspective view of a keypad 
showing the configurable switch matrix assembly pursuant to 
5 another illustrative embodiment of the present invention. 

FIG. 12A is an exploded perspective view of a keypad, 
different in significant ways from the keypad shown in FIG. 
12, showing yet another configurable switch matrix assembly 
pursuant to the present invention. 
10 FIG. 13 is a top view of an exemplary lens pursuant to 

one illustrative embodiment of the present invention. 

FIG. 14 is a side view of the exemplary lens shown in 
FIG. 13. 

FIG. 15 is a bottom view of the exemplary lens shown in 
15 FIGS. 13 and 14. 

FIG. 16 is a perspective view of an exemplary base 
configured pursuant to one illustrative embodiment of the 
present invention. 

FIG. 17 is a bottom view of the exemplary base shown in 
20 FIG. 16. 

FIG. 18A is a partially exploded perspective view of an 
exemplary button assembly pursuant to another illustrative 
embodiment of the present invention. 
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FIG. 18B is a unexploded perspective view of the 
exemplary button assembly shown in FIG. 18A. 

FIG. 19 is a perspective view of one illustrative 
embodiment of a configurable switch matrix assembly in 
5 accordance with the present invention. 

FIG. 20 is a perspective view of one illustrative 
embodiment of a frame configured in accordance one aspect of 
the present invention. 

FIG. 20A is a breakaway view of a portion of the frame 
10 shown in FIG. 20. 

FIG. 21 is a side view of one illustrative embodiment of 
a cross member in accordance with the present invention. 

FIG. 22 is a top view of the cross member shown in FIG. 

21. 

15 FIG. 23 is a cross-sectional breakaway view of the cross 

member and frame, shown in FIGS. 20, 21 and 22, coupled 
together. 

FIG. 24 is another cross-sectional breakaway view of the 
cross member and frame, shown in FIGS. 20, 21 and 22, coupled 
2 0 together. 

FIG. 25A is a perspective view an exemplary four panel 
baffle in accordance with the present invention. 

FIG. 25B is a perspective view an exemplary three panel 
baffle in accordance with the present invention. 
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FIG. 26 is a cross-sectional view of an exemplary button 
assembly and configurable switch matrix assembly coupled 
together in accordance with the present invention. 

FIG. 27 is another cross-sectional view of an exemplary 
5 button assembly and configurable switch matrix assembly 
coupled together in accordance with the present invention. 

FIGS. 28A-C show the various illustrative configurations 
of the configurable switch matrix assembly of the present 
invention. 

10 

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

For the purposes of promoting an understanding of the 
principles in accordance with the invention, reference will 
now be made to the embodiments illustrated in the drawings and 

15 specific language will be used to describe the same. It will 
nevertheless be understood that no limitation of the scope of 
the invention is thereby intended. Any alterations and 
further modifications of the inventive features illustrated 
herein, and any additional applications of the principles of 

20 the invention as illustrated herein, which would normally 
occur to one skilled in the relevant art and having possession 
of this disclosure, are to be considered within the scope of 
the invention claimed. 
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Referring now to FIG. 3, an exploded perspective view of 
a keypad, generally indicated at 10, is shown including an 
embodiment of a switch matrix 20 of the present invention. 
The keypad 10 may be used as a user interface for home 
5 automation and security systems, for example. The keypad 10 
may include a plurality of keys 12 which can be depressed to 
control systems such as lighting, security, audio visual and 
heating/cooling for example. However, it will be appreciated 
by those skilled in the art that the keypad 10 may be used in 

10 other environments within the scope of the present invention. 
Other such environments include calculators, telephones, and 
office equipment, for example. 

A housing assembly 14 for the keypad 10 may be configured 
in various forms. The housing assembly 14 is shown in FIG. 3, 

15 as a combination of a front plate 14a, a back plate 14b and a 
back box 14c, which can be joined together in any suitable 
manner well known to those skilled in the art. The housing 
assembly 14 may receive electronic control devices such as 
electronic circuitry board 60 containing switches 62 which can 

2 0 be activated to perform a particular function. Any number of 
different types of electronic circuitry boards 60 can be 
utilized within the scope of the present invention and such 
electronic circuitry boards 60 can readily be arrived at by 
those skilled in the pertinent art. Switches 62 may be of any 
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variety known in the art which are activated by a mechanical 
action such as a pressing force. For example, switches 62 may 
include resilient members which are deflected by a force to 
close a circuit, and upon release of the force, the resilient 
members rebound to open the circuit. The electronic circuitry 
board 60 may be attached to the housing assembly 14 in any 
suitable manner known in the art such as soldering, adhesives 
or fasteners, for example. The switch matrix 20 may be 
attached to the housing assembly 14, as described more fully 
below, such that keys 12 may be attached to the switch matrix 
2 0 to correspond to the location of the switches 62. A face 
plate 70 may cover the switch matrix 20 to improve the 
appearance of the keypad 10 and to provide further protection 
of the contents of the housing assembly 14. The face plate 70 
may be attached to the housing assembly 14 in any manner known 
in the art such as magnets or fasteners, for example. 

Referring now to FIG. 4, a plan view of an embodiment of 
the switch matrix 20 is shown. The switch matrix 20 may 
include a support frame 22. The support frame 22, may include 
at least one longitudinal member 24 and at least one lateral 
member 2 6 which, in the illustrated embodiment, are 
substantially perpendicular to each other. More preferably, 
the support frame 22 includes two longitudinal members 24 and 
a plurality of lateral members 26 arranged to support a grid 

P.C. 

Page 9 of 88 



of key positioning members 28. The key positioning members 28 
may include a first cantilever 30 having an attached end 32, 
shown most clearly in FIG. 11. The attached end 32 of the 
first cantilever 30 may be attached to a free end 38 of a 
5 second cantilever 34. The second cantilever 34 may be 
disposed on the support frame 22 at a fixed end 36 and 
includes a pair of spaced apart arms 4 0 such that the first 
cantilever 3 0 may reside between the arms 4 0 and parallel to 
the arms 40. The configuration of the first cantilever 30 and 

10 the second cantilever 34 allows for improved deflection and 
force transfer capabilities in that the key positioning member 
28 allows for deflection in a substantially linear direction. 
For example, the first cantilever 30 may deflect in a curved 
path 31 with respect to the attached end 32. Whereas the 

15 second cantilever 34 deflects in a oppositely curved path 33 
with respect to the fixed end 36 of the second cantilever 34. 
The opposite curvature of curved path 31 of the first 
cantilever 30 and the curved path 33 of the second cantilever 
34, tend to reduce the amount of curvature in travel path of 

20 the key positioning member 28 such that deflection of the key 
positioning member 28 takes place in a substantially linear 
direction. 

A switch activating protrusion 42, shown in FIGS. 6 and 
11, may be disposed on a bottom side of the first cantilever 
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30. The switch activating protrusion 42 is configured to 
contact the switch 62 (see FIG. 3) as the first cantilever 30 
is depressed. The upper side of the first cantilever 3 0 may- 
include a knob 44 which may be inserted into an opening 46 
5 defined by a sidewall 47 of the key 12, as shown in FIG. 7. 
The knob 44 and opening 46 are may be sized to create a 
compression or friction fit between the key 12 and the knob 44 
such that the key 12 is held tightly in place. However, the 
key 12 is not permanently fixed to the knob 44 such that the 

10 key 12 may be removed from the knob 44 if desired. The knob 
44 is one example of a key attaching means. Other means for 
removably attaching a key 12 to the switch matrix 2 0 may be 
used within the scope of the present invention. For example, 
the knob 44 may be located on the key 12 and the opening 4 6 

15 may be located on the switch matrix 20. 

It will be appreciated that the structure and apparatus 
disclosed herein is merely one example of a key attaching 
means for removably attaching a key to the switch matrix, and 
it should be appreciated that any structure, apparatus or 

2 0 system for removably attaching a key to the switch matrix 
which performs functions the same as, or equivalent to, those 
disclosed herein are intended to fall within the scope of a 
means for removably attaching a key to the switch matrix, 
including those structures, apparatus or systems for removably 

Clayton, Howarth & Cannon, P.C. 
Sandy, Utah 84091-1909 

Phone:(801)255-5335 P = ne> 11 of ft ft 

Fax:(801)255-5338 Fage 11 OI O O 



attaching a key to the switch matrix which are presently- 
known, or which may become available in the future. Any 
structure which functions the same as, or equivalently to, the 
herein described means for removably attaching a key to the 
switch matrix falls within the scope of this element as set 
forth in the claims. 

The knob 44 (FIG. 6) may have a diamond shape, for 
example, which corresponds to the opening 4 6 also having a 
diamond shaped and provided in the key 12. As those skilled 
in the art will appreciate, knobs 44 and openings 46 of other 
shapes, and other structures to removably attach the key 12 to 
the switch matrix 20, may be used within the scope of the 
present invention. Furthermore, the size and shape of the key 
12 is not dependant upon the means for removably attaching 
the key 12 to the switch matrix 20. In the prior art system 
shown in FIG. 1, the apertures 7 of the attaching plate have 
a size and shape configured for specific keys, whereas the 
switch matrix 2 0 of the present invention advantageously 
allows keys 12 of various sizes and shapes to be attached. 
Those skilled in the art will appreciate that advantages which 
the present invention provides by allowing different number of 
keys and different sizes and shapes of keys to be utilized. 

The switch matrix 20 may also include abutments 43 on 
opposing sides of the support frame 22, as shown most clearly 
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in FIGS. 4-6. The abutments 4 3 may project from the switch 
matrix 20 to contact the face plate 70 to prevent the face 
plate 70 from flexing into the knobs 44. The abutments 43 may 
therefore prevent activation of the switches 62 due to forces 
5 applied to the face plate 70. 

FIGS. 7 and 8 show an exemplary embodiment of the key 12. 
Many different variations of key 12 may be formed utilizing 
various sizes and shapes in addition to those shown in the 
figures. For example, the keys 12 may be round, triangular, 

10 oval, polygonal, or in the shape of objects such as arrows, 
waves or light bulbs or any other shape. Preferably, keys 12 
include a key body 48 and a light pipe 50. The key body 48 
provides a surface area which can be depressed by a human user 
to activate the switch 62 (see FIG. 3) . The key body 48 may 

15 also be engraved or labeled to provide an indication of the 
function of the key 12 . The key 12 may further include one or 
more stops 4 9 to prevent the key 12 from passing through the 
faceplate 70. The stops 49 may be segmented or continuous 
around a bottom edge 51 of the key 12. 

2 0 The light pipe 50 may be made of a translucent material 

which directs light from a light source 63 (see FIG. 3) 
located below the key 12 to the upper surface 56 of the key 
12. Thus the light pipe 50 allows the transmission of light 
from the electronic circuitry board 60 to the upper surface 56 
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of the key 12 to provide visual signals to the user. The 
light pipe 50 may be attached to the key body 48 without the 
use of adhesive or tools. For example, the light pipe 50 may 
have a projection (not shown) which may be inserted into a 
5 cavity (not shown) in the key body 48 such that the light pipe 
50 is held to the key body 48 through friction. The key body 
4 8 may be configured with cut-out portions, such as depicted 
at 53 in FIG. 7, to reduce the amount of material required to 
manufacture the key body 48 where possible. 

10 The light source 63 may be located on the electronic 

circuitry board 60 in close proximity to the switches 62 as 
shown in FIG. 3. The light source 63 may include one or more 
light emitting diodes, for example. The light source 63, in 
accordance with the principles discussed elsewhere herein, may 

15 utilize a single color or multiple colors, and may be 
programmed to blink, change colors, or vary in illumination 
intensity to indicate the status of the keypad 10. It will be 
appreciated that other devices for generating light may be 
used within the scope of the present invention. 

20 The switch matrix 20 also may include aligning posts 58, 

as shown in FIGS. 5 and 6, which extend from an undersurface 
of the switch matrix 20 to register with recesses 65 on the 
electronic circuitry board 60 (FIG. 3) . The aligning posts 58 
align the switch matrix 20 so that the switch activating 
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protrusions 42 register properly with the switches 62. It 
will be appreciated that other structures may be used within 
the scope of the present invention to align the switch matrix 
20 with the electronic circuitry board 60. 

The switch matrix 20 also may include grooves 64 disposed 
in the support frame 22. The grooves 64 may be configured to 
receive tabs 15 (see FIG. 3) located on the housing assembly 14 
to hold the switch matrix 20 in place with respect to the 
housing assembly 14. It will be appreciated by those skilled 
in the art that other structures besides the grooves 64 and 
the tabs 15 may be used within the scope of the present 
invention to hold the switch matrix 20 in place with respect 
to the housing assembly 14 . 

The switch matrix 20 may be formed as a single piece from 
molded plastic. However, as those skilled in the art will 
appreciate, other materials may be used to form the switch 
matrix 2 0 within the scope of the present invention. 

In use, keys 12 are attached to any or all of the key 
positioning members 28 to correspond with the position of the 
switches 62 on the electronic circuitry board 60. An 
exemplary configuration of the keys 12 on the switch matrix 2 0 
is shown in FIG. 9. It will be appreciated that numerous 
different configurations of keys 12 are possible in addition 
to that shown in FIG. 9. A key 12 may be so large as to cover 
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multiple key positioning members 28, or small enough such that 
a key 12 may be attached to all key positioning members 28. 
Furthermore, the switch matrix 20 may be constructed to 
contain any different number of key positioning members 28 
5 such that the number of possible key configurations is very 
large. The keys 12 may be attached to the switch matrix 2 0 in 
a desired configuration without the need for making 
modifications to the switch matrix 20. Therefore, the switch 
matrix 20 can be more easily installed at a location in the 

10 field where the switch matrix 20 is being installed since the 
need for specialized tools or equipment, as required by the 
prior art, is eliminated. Furthermore, the switch matrix 2 0 
is adapted for numerous different key configurations so a 
single switch matrix 20 can be used in the place of multiple 

15 attaching plates 6 as required by the prior art for different 
key configurations. 

If the need arises to repair or replace a key 12, the key 
12 may simply be detached from the switch matrix 20 by pulling 
on the key 12 with sufficient force to overcome the 

20 compression fit between the knob 44 and the opening 46. This 
can be done without removing the switch matrix 20 from the 
housing assembly 14, and without damaging the switch matrix 
20. The ease with which the keys 12 may be replaced allows 
users to maintain and repair the keys 12 without the need for 
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purchasing a new keypad 10, obtaining specialized tools or 
hiring a technician to perform the work. 

Reference will now be made to FIG. 10 to describe a 
second illustrative embodiment of the present invention. As 
5 previously discussed, the embodiments of the invention 
illustrated herein are merely exemplary of the possible 
embodiments of the invention, including that illustrated in 
FIG. 10. 

It will be appreciated that the second illustrative 
10 embodiment of the invention illustrated in FIG. 10 contains 
many of the same structures represented in FIGS. 1-9 and only 
the new or different structures will be explained to most 
succinctly explain the additional advantages which come with 
the illustrative embodiment of the invention illustrated in 
15 FIG. 10. The second illustrative embodiment of the inventive 
switch matrix 120 is shown in a different keypad environment 
110. The second illustrative embodiment of the switch matrix 
120 may include legs 166 to support and align the switch 
matrix 120 within the keypad 110. The switch matrix 120 also 
20 may include clips 168 to attach the switch matrix 120 to other 
components of the keypad 110. Other components of the keypad 
110 may include a back box 114c, a back plate 114b, an 
additional printed circuit board 116, a first insulator 117, 
a bracket 118 and a second insulator 119. The keypad 110 may 
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also include an optional input unit 172. The optional input 
unit 172 may include a built in infrared receiver which may- 
allow a user to transmit commands to the keypad 110 from a 
remote location. The keypad 110 may also have a service 
5 switch lever 174 for performing functions such as cutting the 
flow of electricity in the keypad 110. It will be appreciated 
that numerous other configurations of components of the keypad 
110 may be used within the scope of the present invention. 
The components of the keypad 110 illustrated in FIG. 10 are 

10 merely exemplary of the numerous environments in which the 
switch matrix 120 may be utilized. 

Referring now to FIG. 12, an exploded perspective view of 
an illustrative keypad, generally indicated at 200, is 
provided. The keypad 2 00 may be used as a user interface for 

15 home automation and security systems, for example, but also 
have application in many different settings including 
commercial automation systems, a variety of control systems, 
and any other setting where control of an electrical device is 
desired. The keypad 200 may include a plurality of button 

2 0 assemblies 2 09, each individual button assembly 209 comprising 
a lens 210, a label 212, and a base 214. Each button assembly 
209 can be depressed to control systems such as lighting, 
security, audio visual and heating/ cooling, for example. 
However, it will be appreciated by those skilled in the art 
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that the keypad 200 may be used in many other environments 
within the scope of the present invention. Other such 
environments include calculators, telephones, and office 
equipment, for example. 
5 The keypad 200 may also comprise a faceplate 208 and a 

housing assembly 223 comprising a back box 224 and a back 
plate 226. The faceplate 208 may be of varying styles, but 
should have an equal number of orifices to correspond to the 
number of button assemblies 209. The back box 224 and back 

10 plate 226 may assist in mounting the keypad 200. 

The housing assembly 223 can be joined together in any 
suitable manner well known to those skilled in the art. The 
housing assembly 223 may receive electronic control devices 
such as an electronic circuitry board 222 . Any number of 

15 different types of electronic circuitry boards 222 can be 
utilized within the scope of the present invention and such 
electronic circuitry boards 222 can readily be arrived at by 
those skilled in the pertinent art using the disclosure 
provided herein. 

2 0 The illustrative electronic circuitry board 222 may 

comprise a plurality of switches, one of which is shown at 
228, status lights, one of which is shown at 230, and back 
lights, one of which is shown at 232. The switches 228 may be 
of any variety known in the art which are activated by a 
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mechanical action such as a pressing force, or alternatively 
via proximity. For example, switches 22 8 may include 
resilient members or plungers which are deflected by a force 
to close a circuit, and upon release of the force, the 
resilient members rebound or plunger to open the circuit. The 
electronic circuitry board 222 may be attached to the housing 
assembly 223 in any suitable manner known in the art such as 
soldering, adhesives or fasteners, for example. 

Each button assembly 209 may have its own associated 
status lights 230 and back lights 232. The status lights 230 
and back lights 232 may comprise one or more light sources, 
such as a light emitting diode (LED) , as will be explained 
below. Further, it is not required by the present invention 
that a button assembly have associated status lights 230 and 
back lights 232, but such structures are advantageously 
included in the illustrative embodiments. 

The keypad may also comprise a configurable switch matrix 
assembly 215 on which the button assemblies 209 may be 
removably attached. As described herein, the configurable 
switch matrix assembly 215 may be configured for a plurality 
of configurations, each of the configurations comprising a 
different button pattern. 

The configurable switch matrix assembly 215 may comprise 
one or more positionable cross members 216 removably attached 
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to a frame 220. In addition, the configurable switch matrix 
assembly 215 also comprises a positionable baffle 218. The 
configurable switch matrix assembly 215 may be adapted to 
receive the button assemblies 209 such that the corresponding 
5 switches 228 on the electronic circuitry board 222 are in 
proper alignment. 

Referring now to FIG. 12A, an exploded perspective view 
of another illustrative keypad, generally indicated at 200', 
is provided. The keypad 200' has overall similarities to the 

10 keypad 200 represented in FIG. 12 but includes some 
significant differences. The keypad 200' includes a plurality 
of lenses, one shown at 210', a plurality of labels, one shown 
at 212', and a plurality of bases, one shown at 214'. 

The structure represented in FIG. 12A provides an back 

15 box 224' to which is attached a faceplate locking structure 
215' which provides a secure and aesthetically pleasing 
structure to holding the faceplate in place. A recess 217' 
provided in the faceplate locking structure receives a clip on 
the faceplate (not explicitly represented in FIG. 12A) to 

20 secure the faceplate in place. 

Also shown in FIG. 12A are positionable cross members 216' 
which are removably attached to a frame 220' and a positionable 
baffle 218', in a manner similar to that described in 
connection with the structure represented in FIG. 12. An 
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electronic circuitry board 222' is also represented in FIG. 
12A. 

In the following discussion reference will be made to 
FIGS. 13 and 14. The illustrative lens 210 may comprise an 
extended portion 239, a viewing surface 240, a lip 241, and a 
bottom surface 250. The lens 210 is preferably made from a 
transparent material, such as plastic or glass, whereby light 
from status lights 230 or back lights 232 (FIG. 12) may 
illuminate the viewing surface 240. The extended portion 239 
extends from the lip 241 to a predetermined height, shown by 
dimension 243 which is best shown in FIG. 14. The height 
should be sufficient to allow the viewing surface 240 of the 
lens 210 to be depressed and observed by a human being when 
the faceplate 208 is in place in the assembled keypad 200. 
The extended portion 23 9 may also comprise a rounded upper 
portion 252 connecting the extended portion 239 to the viewing 
surface 240. 

The viewing surface 24 0 of the lens 210 may be divided 
into two or more regions best seen in FIG. 13. A status 
region 246 is generally shown by the area enclosed by the 
dotted lines and marked with reference 246A. The remaining 
area on the viewing surface 240 represents the label region 
248. The status region 246 is the general area on the lens 
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viewing surface 24 0 where a light from the status lights 23 0 
may be observed. The label region 248 is the general area on 
the viewing surface 240 where the illumination from the back 
lights 232 may be observed. The portion of lens viewing 
5 surface 24 0 over the status region 246 may be frosted to 
increase visibility of the radiation emitted from the status 
light 230 (FIG. 12) . 

It will be appreciated that it may be desirable to 
illuminate the status region 246 in a manner different from 

10 that of the label region 248, including differing attributes 
of light intensity, diffusion and color. The status region 
246 (FIG. 13) is illustratively formed directly over the 
status lights 230 (FIG. 12) . The radiation from the status 
lights 230 may further be directly channeled to the status 

15 region 246 without impediment to create a bright spot which is 
primarily, or entirely, confined to the status region 246. By 
observing the status region 246, in accordance with one 
illustrative embodiment of the present invention, an observer 
will be able to ascertain the status of the load or electrical 

2 0 device controlled by depressing each of the lens 210 in the 
button assembly 209. 

In addition, the lens 210 may provide magnification such 
that the label 212 can be more easily observed. Text or 
symbols provided on the label 212 may be enlarged with 
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magnification for easier reading by a user. Magnification may 
be accomplished by adding a slight curvature to the viewing 
surface 24 0, as shown best in FIG. 14. This curvature 
magnifies the indicia provided on the label 212. 
5 It should also be noted that the shape of the button 

assembly 209 can be any shape desirable, for example any 
number of geometric shapes. The shape of any button assembly 
2 09 or parts thereof described herein, however, should not be 
considered limiting in any way on the scope of the present 
10 invention. 

Protruding from the lip 241 are guides 242 and tabs 244 
(FIG. 13) . The guides 242 are used for alignment with the 
base 214 to which the lens 210 is attached. The tabs 244 are 
used for releasably attaching the lens 210 to the base 214 as 
15 will be explained below. The tabs 244 are slightly rounded 
as can be seen in FIG. 14 to facilitate releasably attaching 
the lens 210 to the base 214. 

A back view of the lens 210 represented in FIGS. 13 and 
14 is provided in FIG. 15. The bottom surface 250 is 
20 substantially flat. The label 212 may contact the bottom 
surface 250 when the button assembly 209 is assembled. The 
guides 242 and tabs 244 can also be seen in FIG. 15. 

One illustrative embodiment of a base 214 is depicted in 
FIG. 16. The base 214 is substantially rectangular in shape 




having a top surface 260 and a bottom surface 262. The top 
surface 2 60 comprises a recessed portion 2 64 of approximately 
the same size as the bottom surface 250 of the lens 210. 
The recessed portion 264 may serve to receive the label 
5 212 (FIG. 12) . Around the perimeter of the recessed portion 
264 is a wall 266 having an inner surface 267. Formed in the 
wall 266 and top surface 260 are cutouts 268. The cutouts 268 
are shaped to receive the guides 242 (FIG. 15) on the lip 241 
of the lens 210 (FIGS. 13-14) when the lens 210 is properly 

10 oriented with respect to the base 214 (FIG. 16) . 

Grooves 270 corresponding in size, number and position to 
the tabs 244 (FIGS. 14-15) on the lens 210 are present in the 
inner surface 267 of the wall 266. The grooves 270 comprise 
a depression that do not extend through the wall 266 in the 

15 illustrative embodiment but can extend through the wall in 
alternative embodiments. A passage 271 formed in the recessed 
portion 264 (FIGS. 16-17) allows light from a status light 230 
(FIG. 12) to pass unimpeded through the base 214 to the status 
region 246 (FIG. 13) on the viewing surface 240 of the lens 

20 210. The passage 271 extends from the bottom surface 262 of 
the base 214 the top surface 260. 

Referring now to FIG. 17, four legs 272 extend in a 
substantially outwardly manner from the bottom surface 262 of 
the base 214. Connecting two of the legs 272 is a cross 
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support 274 which in the illustrated embodiment may also serve 
as an actuator but many other structures can be utilized in 
accordance within the scope of the present invention. Located 
on the end of each of the legs 2 72 is an engagement member 
5 276. The engagement member 276 comprises a substantially 
perpendicular extension from the leg 272, but many other 
structures can also provide the same function. The four legs 
272 and engagement members 276 movably couple the button 
assembly 209 (FIG. 12/) to the configurable switch matrix 

10 assembly 215 or any other structure, if desired. 

The base 214 (FIG. 16) may also serve to diffuse light 
from the back lights 232 (FIG. 12) so that it is evenly 
dispersed through the label 212. The base 214 may be 
comprised of a material that diffuses the light as it passes 

15 through the base 214, such as plastic, so that, for example, 
the illumination from the back lights 232 is evenly dispersed. 
The base 214 may comprise a frosted portion to further diffuse 
the light. It will be appreciated that the described 
structures prevent concentrated bright spots from appearing 

20 directly over the back lights 232 when viewing the label 212 
through the lens 210. It will be appreciated that the 
structure and apparatus disclosed herein is merely one example 
of a means for diffusing light, and it should be appreciated 
that any structure, apparatus or system for diffusing light 
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which performs functions the same as, or equivalent to, those 
disclosed herein are intended to fall within the scope of the 
recited means for diffusing light, including those structures, 
apparatus or systems for diffusing light which are presently 
5 known, or which may become available in the future. Any 
structure which functions the same as, or equivalently to, a 
means for diffusing light falls within the scope of such 
element . 

FIG. 18A provides a detailed view of the label 212 
10 (several of which are illustrated in FIG. 12) inserted into 
the recessed portion 264 of the base 214 with a lens 210 
oriented for assembly. An assembled button assembly 209 is 
illustrated in FIG. 18B. The guides 242 of the lens 210 
engage the cutouts 268 on the base 214. The label 212 is held 
15 in place between the bottom surface 250 of the lens 210 and 
the recessed portion 264 of the top surface 260 of the base 
214. While not explicitly shown in the figures, the button 
assembly 209 is held coupled by the tabs 244 of the lens 210 
by a snap fit into the grooves 270 of the base 214. Likewise, 
2 0 the button assembly 2 09 can be disassembled by unsnapping the 
tabs 244 from the grooves 270. In this manner a label 212 may 
be readily replaced when desired. 

It will be appreciated that the structure and apparatus 
disclosed herein is merely one example of a means for holding 
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a label, and it should be appreciated that any structure, 
apparatus or system for holding a label which performs 
functions the same as, or equivalent to, those disclosed 
herein are intended to fall within the scope of a means for 
holding a label, including those structures, apparatus or 
systems for holding a label which are presently known, or 
which may become available in the future. Any structure which 
functions the same as, or equivalently to, a means for holding 
a label falls within the scope of this element. 

It will also be appreciated that the structure and 
apparatus disclosed herein is merely one example of a means 
for releasably coupling the lens and base together, and it 
should be appreciated that any structure, apparatus or system 
for releasably coupling the lens and base together which 
performs functions the same as, or equivalent to, those 
disclosed herein are intended to fall within the scope of a 
means for releasably coupling the lens and base together, 
including those structures, apparatus or systems for 
releasably coupling the lens and base together which are 
presently known, or which may become available in the future. 
Any structure which functions the same as, or equivalently to, 
a means for releasably coupling the lens and base together 
falls within the scope of this element. 
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It should also be noted that the base 214 may accept 
several different styles of lenses without modification. Each 
of the new styles of lenses would only require a bottom 
surface capable of fitting into the recessed portion 264. The 
5 portion of the lenses visible to a human could be of other 
shapes. Lenses could, for example, be round or other shapes. 
A faceplate configured differently than faceplate 208 (FIG. 
12) can be configured to accommodate lenses of other shapes. 
The labels 212 (best seen in FIGS. 12 and 18A) may be 

10 created in many different ways but can most advantageously be 
created using widely available printers attached to a 
computer. The labels 212 may be printed in color or 
monochrome, as desired. The labels 212 may include text, 
symbols or even photographs. Moreover, the labels 212 may be 

15 a positive (opaque text with transparent background) or a 
negative (transparent text with opaque back ground) . The 
labels 212 may be fabricated from a variety of materials, 
including without limitation, paper, plastic, metal, fabric or 
any other suitable material on which the selected printing 

20 technique may be used. Most advantageously, the labels 212 
may be readily printed and replaced with only a minimum of 
instruction provided to the user since templates are provided 
for use with one of the widely available computer programs 
which will facilitate printing of the labels 212 (including 
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word processing and graphic computer programs) and insertion 
of the label 212 is accomplished by simply disassembling the 
button assembly 209. Furthermore, the labels 212 may be die- 
cut or simply cut from the materials with a pair of scissors. 
5 Optionally, the text or symbols may be painted or engraved 
directly on the viewing surface 24 0 and/or the bottom surface 
250 of the lens 210. 

Referring now to FIG. 19, there is shown one illustrative 
embodiment of an assembled configurable switch matrix 

10 assembly, generally indicated at 215 in FIG. 19 and by bracket 
215 in FIG. 12, having up to eight button positions (labeled 
A-H) for receiving button assemblies 209. The frame 220 
supports a plurality of cross members 216 to form the button 
positions (labeled A-H) . In addition, a baffle 218 may 

15 optionally be used as will be further explained below. 

As can be observed, each of the button positions (labeled 
A-H) is substantially enclosed on four sides by the frame 220, 
one or more of the cross members 216, and baffle 218. It will 
be appreciated that this enclosure formed by the 

2 0 aforementioned elements is sufficiently contained to prevent 
substantial bleeding of radiation from the back lights 232 or 
status indicator lights 230 to the other button positions. 
This allows each button position (labeled A-H) to have its own 
back lights 232 and status lights 230 of varying color and 
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intensity. 



It should be mentioned that it is not a 



requirement of this invention that no radiation bleed from a 
button position. Some bleeding is acceptable and does not 
diminish the effectiveness of the present invention. 



some of which are generally designated 294, disposed on 
opposite sides of each button position, the cantilevers being 
shown in greater detail in FIG. 22. An attached end 292B of 
each of the cantilever arms 2 92 may be affixed to the frame 

10 220 (as represented in FIG. 19) or a cross member 216 (as 
shown best in FIG. 19) . Located on the free end 2 92A of each 
of the cantilevers arms 292 is an upwardly extending 
protrusion 2 98 having a somewhat rounded shape. As will be 
explained herein, the cantilevers 294 provide a biasing 

15 function to provide operation of the button assembly 209. 

Each button position (labeled A-H in FIG. 19) further 
comprises a light shroud 300. The light shroud 300 may be 
integrated into the frame 220 or the light shroud 300A may be 
appended to the baffle 218. Either structure of light shroud 

20 300 or 300A may be used for any button position (labeled A-H) . 

The frame 220 (FIG. 19) is substantially rectangular 
having an open interior 278, a front 288, and a back 290 (as 
shown in FIG. 20) . Referring primarily to FIG. 20, the frame 
220 further comprises a top support 280, a bottom support 2 82, 



5 



Each button position (A-H) has at least two cantilevers, 
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and a left 284 and a right 286 support. Both the top support 
280 and bottom support 282 comprise a plurality of cantilever 
arms 292 on the front 288 surface. In addition, the inner 
surface of both the top support 28 0 and the bottom support 2 82 
may comprise a plurality of engaging slots 507 and 
corresponding paths 507A. For the top and bottom button 
positions A, D, E, H (see FIG. 19) , the cantilever arms 292 
are located on the frame 220 since it is adjacent to the named 
button positions. 

The right support 286 (FIG. 20) comprises a plurality of 
cutouts 302. As shown in the detailed view of FIG. 20A, on 
the interior of the frame 220 and below each cutout 302 is an 
extrusion 324 comprising a first and second finger, 324C and 
234D, respectively. The extrusion 324 further comprises a 
rounded upper surface 324B and an inner ledge 324A. 

Referring again to FIG. 20, the left support 284 
comprises a plurality of receiving channels 304. Each channel 
304 being formed by a first and second wall, 304A and 304B, 
respectively. Each receiving channel 304 further comprises a 
bottom ledge 304C at its distal end. 

The cutouts 302 (FIG. 20A) and receiving channels 304 
(FIG. 20) are positioned so that each cutout 302 is directly 
across from a receiving channel 304. The cutouts 302, 
extrusions 324 (FIG. 20A) and receiving channels 304 provide 
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points of attachment for cross members 216 as will be 
explained below. Cross members 216 may be positioned as 
desired to obtain the desired configuration of a switch 
matrix. 

5 It will be appreciated that the structure and apparatus 

disclosed herein is merely one example of a means for 
releasably supporting one or more cross members, and it should 
be appreciated that any structure, apparatus or system for 
releasably supporting one or more cross members which performs 

10 functions the same as, or equivalent to, those disclosed 
herein are intended to fall within the scope of a means for 
releasably supporting one or more cross members, including 
those structures, apparatus or systems for releasably 
supporting one or more cross members which are presently 

15 known, or which may become available in the future. Any 
structure which functions the same as, or equivalently to, a 
means for releasably supporting one or more cross members 
falls within the scope of this element. 

Referring now to FIGS. 21 and 22, each cross member 216 

20 is of sufficient length to span between the left support 284 
and right support 286 of the frame 210 (see FIG. 19) . Each 
cross member 216 has a supporting cross brace 310 having a 
first end 306, a second end 308, a first side 310A, a second 
side 310B, a top surface 310C and a bottom surface 310D. The 
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thickness between the first side 310A and the second side 310B 
should be relatively small in comparison with the overall 
length of the cross member 216. The bottom surface 310D has 
a plurality of notches 309 which allow for the various 
5 configurations of the configurable switch matrix assembly 215, 
and in particular, different positions for the baffle 218. 
Further, extending from the bottom surface 310D of the cross 
brace 310 may be an alignment post 32 0. The alignment post 
320 may assist in properly aligning the configurable switch 

10 matrix assembly 215 over the electronic circuitry board 222 
during assembly. 

A plurality of wings 311 may extend in a perpendicular 
fashion from both the first side 310A and the second side 310B 
of the cross brace 310. Each wing 311 further comprises an 

15 upper surface 311A, lower surface 31 IB and an outer surface 
311C. The upper surface 311A and the lower surface 311B being 
substantially perpendicular to the sides 310A and 310B of the 
cross brace 310. The outer face 311C being substantially 
parallel to the sides 310A and 310B of the cross brace 310. 

2 0 From each wing 311 may extend one or more cantilever arms 

292, each cantilever arm 292 having a protrusion 298 on its 
free end 292A. The cantilever arms 292 and the first side 
310A and second side 310B are substantially parallel to each 
other as can best be seen in FIG. 22. The wings 311 may serve 
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to offset the cantilever arms 292 from the cross brace 310. 
An attached end 2 92B of each cantilever arm is attached to a 
wing 311. Two cantilever arms 292 may extend from the same 
wing 311 in opposing directions. 

The cross brace 310 should be of sufficient height, shown 
by the dimension 319 in FIG. 21, between the top surface 310C 
and the bottom surface 310D such that the top surface 310C is 
in close proximity with the faceplate 208 and that the bottom 
surface 310D is in close proximity to the electronic circuitry 
board 222 when the switch matrix assembly 200 is assembled. 
It will be appreciated that this inhibits light from passing 
from one button position (labeled A-H) to another as 
previously discussed. 

Extending from the first end 306 of the cross brace 310 
may be a guide post 312. A lower ledge 314A, back surface 
314B, and an upper ledge 314C form a holding slot 314 in the 
first end 306. A slanted edge 322A is disposed between the 
bottom surface 310D of the cross brace 310 and the lower ledge 
314A. A ledge 318 also extends perpendicularly from the 
second end 308 as well. A slanted edge 322B is disposed 
between the bottom surface 310D of the cross brace 310 and the 
ledge 318. 

Each cross member 216 may be attached to the frame 22 0 at 
its first end 306 and second end 308. FIG. 23 is a cross- 
Page 35 of 88 



sectional view of one manner in which the first end 3 06 may be 
attached to the frame 220. The guide post 312 is first 
positioned in the cutout 302. The holding slot 314 next 
engages the extrusion 324 on the frame 220. In particular, 
5 the rounded upper surface 324B and inner ledge 324A of the 
extrusion 324 are held in place by the lower ledge 314A and 
upper ledge 314C of the holding slot 314. The lower ledge 
314A and the slanted edge 322A of the cross member 216 are 
further held in place between the first finger 324C and second 
10 finger 234D (see FIG. 20A) of the extrusion 324. It will be 
appreciated that this engagement arrangement provides a 
desirable snap fit between the holding slot 314 and the 
extrusion 324. 

The second end 308 of the cross member 216 may also 
15 engage the frame 220 with a snap fit as shown in FIG. 24. The 
ledge 318 on the second end 308 engages the bottom ledge 304C 
of the receiving channel 304 (partially shown) on the frame 
220 to thereby form the snap fit. The first wall 304A and 
second wall 304B (not shown) of the receiving channel 304 
20 assist in holding the cross member 216 on place. 

It will be appreciated that the structure and apparatus 
disclosed herein is merely one example of a means for 
releasably attaching a cross member, and it should be 
appreciated that any structure, apparatus or system for 
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releasably attaching a cross member which performs functions 
the same as, or equivalent to, those disclosed herein are 
intended to fall within the scope of a means for releasably 
attaching a cross member, including those structures, 
apparatus or systems for releasably attaching a cross member 
which are presently known, or which may become available in 
the future. Any structure which functions the same as, or 
equivalently to, a means for releasably attaching a cross 
member falls within the scope of this element 

A first illustrative embodiment of a baffle 218A is shown 
in FIG. 25A, while a second illustrative embodiment of a 
baffle 218B is shown in FIG. 25B. The two different 
embodiments represented in FIGS. 25A-B may be used when 
creating different button patterns as will be addressed below. 
Each of the baffles, 218A and 218B, comprise a plurality of 
light shrouds 300 and a plurality of panels 330. 

A light shroud 300 forms a barrier so that radiation 
(light) from any light emitting device positioned underneath, 
such as status lights 230, cannot be observed in the label 
region 248 on the viewing surface 240 of the lens 210 (see 
FIG. 13) during operation. Further, the light shrouds 300 
ensure that the majority of radiation emitted from any device 
positioned underneath is channeled primarily only to the 
status region 246 on the viewing surface 240 of the lens 210 
c. 
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(see FIG. 13) . Each light shroud 300 has a hollow light 
channel 301 through which radiation from a status light 23 0 
may pass. An alternative, equivalent structure to the 
illustrated light shroud 300 could comprise a fiber optic 
structure to channel the radiation. As discussed earlier, 
light shrouds 300 may also be incorporated into the frame 220. 

It will be appreciated that the structure and apparatus 
disclosed herein is merely one example of a means for 
channeling a light (or radiation) , and it should be 
appreciated that any structure, apparatus or system for 
channeling a light which performs functions the same as, or 
equivalent to, those disclosed herein are intended to fall 
within the scope of a means for channeling a light, including 
those structures, apparatus or systems for channeling a light 
which are presently known, or which may become available in 
the future. Any structure which functions the same as, or 
equivalently to, a means for channeling a light falls within 
the scope of this element. 

The panels 330 are substantially planar and reside in a 
substantially perpendicular orientation to the electronic 
circuitry board 222 when assembled. The panels 330 are spaced 
apart on each baffle 218A and 218B to form a plurality of 
slots 332. The slots 332 allow the cross members 213 to 
extend without interference. In addition, the cross members 
c. 
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213 may engage the sides of the slots 332 to maintain the 
shrouds 218A and 218B in the proper position after assembly. 
The panels 33 0 also form a barrier whereby radiation from the 
status lights 330 and back lights 232 for a particular button 
position cannot be observed at a different, distinct button 
position. 

The baffle 218A further comprises a top edge 334 and a 
bottom edge 336. The top edge 334 and bottom edge 336 may 
engage one of the plurality of gaps 3 05 (FIG. 20) on the top 
and bottom supports, 280 and 282 (FIG. 20) , respectively, of 
the frame 220 to further assist in holding the baffle 218A in 
place. The gaps 505 are formed between a free end 292A of a 
cantilever arm 292 and a nub 505A extruding from the frame 220 
as shown in FIG. 20. It should also be noted that either 
baffle 218A and 218B may not need to engage the frame at all 
and may be held in place only by the cross members 216. If 
desired, a baffle may even be absent altogether. For example, 
in a case where there is no backlighting a baffle would not be 
needed . 

As can be observed in FIG. 25A, baffle 218A has four 
panels 330 and four light shrouds 300. Baffle 218B (FIG. 
25B) , on the other hand, has three panels 330 and three light 
shrouds 300. It will be appreciated that either baffle (218A 
or 218B) may be used in the illustrative embodiments of the 
c. 
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present invention depending on the desired button pattern 
presented to the user. 

It will be appreciated that the structure and apparatus 
disclosed herein is merely one example of a means for baffling 
5 light, and it should be appreciated that any structure, 
apparatus or system for baffling light which performs 
functions the same as, or equivalent to, those disclosed 
herein are intended to fall within the scope of a means for 
baffling light, including those structures, apparatus or 

10 systems for baffling light which are presently known, or which 
may become available in the future. Any structure which 
functions the same as, or equivalent ly to, a means for 
baffling light falls within the scope of this element. 

A cross-sectional view of button positions A and E from 

15 FIG. 19 is shown in FIG. 26. For purposes of discussion, some 
of the elements for button position E have been omitted for 
sake of clarity when discussing the propagation of light 
(radiation) . As previously explained, each button position 
may comprise a switch 228, status lights 23 0, and back lights 

20 232. 

The status lights 230 may be located along the perimeter 
of the button position. Over the status lights 230 is a light 
shroud 300. It will be appreciated that locating the status 
lights 230 along the perimeter ensures that the light shroud 
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300 does not substantially interfere with the propagation of 
light from the back lights 232. The light from the status 
lights 230 is directed through the light channel 301 of the 
light shroud 300. The light then passes through the passage 
5 271 on the base 214 and impinges the label 212. It will be 
appreciated that by directing the light in this manner, that 
the status region 246 (see FIG. 13) on the lens 210 will be 
the primary location that is illuminated. It should also be 
noted that the light shroud 300 may be appended to the baffle 
10 218 such as with button position E or the light shroud 300 may 
be integrated into the frame 22 0 such as is shown with button 
position A. 

The back lights 232 may be positioned in the middle of 
the button position to maximize an even distribution of 

15 illumination. The back lights 232 are primarily for 
illuminating the label 212 when viewed in the label region 248 
(see FIG. 13) . The light from the back lights 232 propagates 
from the back lights 232 and through the base 214. The base 
214 may diffuse the light to thereby create a softer 

20 illumination of the label 212 than light shining directly on 
the label 212. The labels 212 appear more evenly illuminated 
throughout the label region 248 when viewed through the lenses 
210 with diffused light rather than direct light. The light 
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propagation is represented in button position E with a 
plurality of arrows. 

An optional reflection layer 340 may be added on top of 
the electronic circuitry board 222. The reflection layer 340 
5 will increase light propagation in the desired direction. The 
reflection layer 340 may comprise solder mask and silkscreen 
type materials, but may include any material known to reflect 
or disburse light, as known to those involved in the industry. 



10 and light shroud 300, each button position may further 
comprise a switch 228 as can be seen in button position A. 
The switch 228 is positioned such that when the button 
assembly 209 is depressed that the cross support 274 actuates 
a plunger on the switch 228. It will be appreciated that 

15 while a plunger mechanism could be used, the use of the cross 
support 274 allows the switch 228 to be placed near the 
perimeter of the button position to thereby not interfere with 
the propagation of radiation emitted from the back lights 232 
to the label 212 and lens 210. 

20 The status lights 230 and back lights 232 may comprise a 

single light emitting device or a plurality of light emitting 
devices. In one illustrative embodiment of the present 
invention, the status lights 230 and back lights 232 each 
comprise devices which emit red light, green light and blue 



In addition to the status lights 230, back lights 232, 
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light. In another illustrative embodiment, devices emitting 
red, yellow and blue light may be used. In still another 
illustrative embodiment, both the status lights 230 and back 
lights 232 comprise two individual light emitting devices 
5 chosen from the group comprising devices which emit: red, 
green, blue and yellow light. Using the above combinations, 
virtually an unlimited number of colors can be created, 
including white light, by varying the intensity of the 
individual light emitting devices. 

10 Further, each of the individual light emitting devices 

comprising the status lights 230 and back lights 232 may be 
under the control of a micro-processor. Thus, the colors of 
the status lights 230 and back lights 232 can be automatically 
adjusted pursuant to any preset condition, including input 

15 from a light sensor, the time of day, or even by manual input 
from a user. In addition, the status lights 230 and back 
lights 232 can be programmed to change color or vary in 
intensity to reflect changes in load or programming state. In 
this sense, even the back lights 232 can be used as a "status" 

2 0 light to relate information to an observer, including changes 
in the intensity and/or color perceived by the user to convey 
information. 

The preferred devices to function as the status lights 
230 and back lights 232 are light emitting diodes (LEDs) due 
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to their low cost, long life, low power rating and low power 
consumption. Further, the use of two or more lights of 
different colors to provide varying colors of light is not 
limited to back lights 232 or status lights 230. This aspect 
5 of the present invention can be applied in any circumstance 
where similar radiation is used to convey information or to 
provide an aesthetic impression. For example, virtually any 
apparatus using small light emitting devices, such as LEDs, 
may utilize two or more light emitting devices, or one device 
10 capable of emitting visible radiation in multiple wavelengths, 
to provide customized colors in accordance with the present 
invention. 

As discussed previously, each button position may utilize 
two cantilevers 294 to bias each button assembly 209 toward a 

15 normal (unactuated) position. The cantilevers 294, including 
cantilever arms 2 92, are composed of a resilient material 
having a memory. When a button assembly 209 is installed, the 
protrusions 298 on the free end 292A of each cantilever 292 
engages the bottom surface 2 62 of the base 214. The bottom 

20 surface 262 of the base 214 slightly depresses the protrusions 
2 98 on each of the cantilevers 292 when the button assembly 
209 is installed. The resilient nature of the two cantilevers 
2 92 provides a biasing or restoring force upwardly directed to 
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maintain the button assembly 209 above the switch 228 in a 
normal (unactuated) position. 

As discussed above, the protrusions 2 98 may maintain a 
slight upward force on the button assembly 209 so that the 
5 switch 228 is only actuated when the button assembly 209 is 
actually depressed. It is not necessary that the protrusions 
298 be fixidly engaged to the button assembly 209. This 
structure allows the protrusions 2 98 to move freely when the 
button assembly 209 is depressed. When the button assembly 

10 209 is depressed, the resilient nature of the two cantilevers 
2 92 provides a restoring force to return the button assembly 
'209 to its normal (unactuated) position when the button 
assembly 209 is released. 

It will be appreciated that the structure and apparatus 

15 disclosed herein is merely one example of a means for 
providing a restoring force, and it should be appreciated that 
any structure, apparatus or system for providing a restoring 
force which performs functions the same as, or equivalent to, 
those disclosed herein are intended to fall within the scope 

2 0 of a means for providing a restoring force, including those 
structures, apparatus or systems for providing a restoring 
force which are presently known, or which may become available 
in the future. Any structure which functions the same as, or 
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equivalent ly to, a means for providing a restoring force 
falls within the scope of this element. 

Referring now to FIG. 27, the engagement members 276 on 
each of the legs 2 72 of the base 214 removably attaches the 
5 button assembly 209 to the configurable switch matrix assembly 
215. Each of the engagement members 276 either engages the 
lower surface 31 IB of a wing 311 extending from a cross member 
216 or engages an engaging slot 507 of the frame 220 depending 
on the location of the button assembly 209. It will be 

10 appreciated that this may be a snap fit between the button 
assembly 209 and the configurable switch matrix assembly 215. 
The engagement members 276 hold the button assembly 209 in its 
normal position against the restoring force of the cantilevers 
292. Advantageously, it will be appreciated that a faceplate 

15 208 is not required to hold the button assembly 209 in 
position since the buttons assembly 209 will not come apart 
even when the faceplate is not in place. Moreover, the 
structure described herein provide a pivot point for the base 
214 to push against so the lens 210, acting as a button, can 

2 0 be pressed even on its edges. 

It will be appreciated that the structure and apparatus 
disclosed herein is merely one example of a means for 
releasably attaching a button or key, and it should be 
appreciated that any structure, apparatus or system for means 
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for releasably attaching a button or key which performs 
functions the same as, or equivalent to, those disclosed 
herein are intended to fall within the scope of a means for 
releasably attaching a button or key, including those 
5 structures, apparatus or systems for releasably attaching a 
button or key which are presently known, or which may become 
available in the future. Any structure which functions the 
same as, or equivalently to, a means for releasably attaching 
a button or key falls within the scope of this element. 

10 Still referring to FIG. 27, once coupled to the 

configurable switch matrix assembly 215, a button assembly 209 
may, upon being depressed, travel a short distance to activate 
a switch 228. This travel distance is shown by the dimension 
marked with the reference numeral 242 . This travel distance 

15 is also represented in FIG. 26 by the same reference numeral 
242. Once depressed, a button assembly 209 travels downward 
until released or until the bottom surface 262 of the base 214 
collides with the front 288 of the frame 220 or the upper 
surface 311A of a wing 311. In this manner the button 

20 assembly 209 is prevented from damaging the switch 228 from 
excessive force being applied to the button assembly 209. In 
addition, the path 507A on the frame 220 allows the engagement 
member 276 to travel unimpeded next to the frame 220. 
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It will be appreciated that the use of the frame 220, 
cross members 216, and baffles 218A and 218B, advantageously 
provides a configurable switch matrix assembly 215. For 
purposes of this application, configurable switch matrix 
5 assembly means a switch matrix whose components may be 
rearranged to allow different button configurations. 

As can be seen in FIGS. 28A-28C, the configurable switch 
matrix assembly 215 may be configured in a one button center 
(FIG. 28A) , three button center (FIG. 28A) , four button center 

10 (FIG. 28B) , or six- button double row (FIG. 28C) 
configurations in addition to the eight button double row 
(FIG. 19) configuration. It will be appreciated that one 
illustrative embodiment of the configurable switch matrix 
assembly 215 may provide several different button patterns by 

15 simply changing the position of the cross members 216 and 
baffle 218A or 218B. 

As used herein, the term "button position" refers to a 
location on a switch matrix assembly where a button or a key 
is installed. A button position may be formed by the frame 

20 220 and cross members 216, and optionally a baffle 218A or 
218B. It will be appreciated that different arrangements of 
the frame 220, cross members 216, and baffles 218A or 218B may 
created button positions in varying locations. Other 
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configurations are possible using the same principles as are 
described herein and are within the scope of this invention. 

In addition, in a separate embodiment, a cross member 
216A (see FIG. 2 8B) may comprise one or more integrated lenses 
5 2 52 that may be used to accept IR signals through an IR 
receiver 3 54, both of which may be connected to the electronic 
circuitry board 222. This cross member 216A may be used in 
any of the configurations described or suggested herein. It 
will be appreciated that, advantageously, the inclusion of an 

10 IR receiver and/or light sensor does not require a reduction 
in the number of buttons used on a keypad. 

It should also be noted that the configurable switch 
matrix assembly 215 is not limited to the button assemblies 
209 described herein. The configurable switch matrix assembly 

15 215 may utilize keys or buttons of unitary or one piece 
construction. 

In view of the foregoing, it will be appreciated that the 
present invention provides a configurable switch matrix 
assembly which is capable of being used with keys or buttons 
20 of different sizes and shapes. The present invention also 
provides a configurable switch matrix assembly which allows 
the buttons or keys to be arranged in different configurations 
using differing numbers of keys or buttons. The present 
invention further provides a configurable switch matrix which 
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allows the keys to be easily installed and replaced without 
damaging the matrix. The present invention also provides a 
button assembly which allows labels to be easily installed or 
replaced. The present invention also provides back lights and 
5 status lights with customizable colors, functions and 
intensity. 

It is to be understood that the above-described 
arrangements are only illustrative of the application of the 
principles of the present invention. Numerous modifications 

10 and alternative arrangements may be devised by those skilled 
in the art without departing from the spirit and scope of the 
present invention and the appended claims are intended to 
cover such modifications and arrangements. Thus, while the 
present invention have been shown in the drawings and fully 

15 described above with particularity and detail in connection 
with what is presently deemed to be the most practical and 
preferred embodiments of the invention, it will be apparent to 
those of ordinary skill in the art that numerous 
modifications, including, but not limited to, variations in 

2 0 size, materials, shape, form, function and manner of 
operation, assembly and use may be made without departing from 
the principles and concepts set forth herein. 
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